A yellow pigmented, Gram-negative, rod-shaped bacterium designated T was isolated from subsurface water of the north-east basin of the bog lake Grosse Fuchskuhle (Brandenburg, Germany). A first analysis of the nearly full-length 16S rRNA gene sequence analysis including environmental 16S rRNA gene sequences derived from freshwater ecosystems showed that strain FNE08-7 T is the first cultured representative, to our knowledge, of the freshwater tribe Novo-A2. Further analysis indicates highest 16S rRNA gene sequence similarities to the type strains of Novosphingobium stygium (98.0 %) and Novosphingobium taihuense (97.4 %) and between 94.0 % and 96.9 % sequence similarity to other members of the genus Novosphingobium. Reconstruction of phylogenetic trees showed that strain FNE08-7 T formed a distinct cluster with the type strains of N. stygium and N. taihuense supported by high bootstrap values. DNA-DNA hybridization of strain FNE08-7 T with N. stygium SMCC B0712 T and N.
taihuense DSM 17507 T revealed low similarity values of 18.4 % (reciprocal: 11.4 %) and 23.1 % (reciprocal: 54.2 %), respectively. The predominant fatty acid of the isolate is C 18 : 1 v7c (56.4 %) and two characteristic 2-hydroxy fatty acids, C 14 : 0 2-OH (16.5 %) and C 15 : 0 2-OH (3.3 %) occur. Ubiquinone Q-10 is the major respiratory quinone. The predominant polar lipids are phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylglycerol, sphingoglycolipid, phosphatidylcholine and minor amounts of diphosphatidylglycerol. Spermidine is the predominant polyamine. Characterization by genotypic, chemotaxonomic and phenotypic analysis indicate that strain FNE08-7 T represents a novel species of the genus Novosphingobium within the Alphaproteobacteria. Therefore, we propose the species Novosphingobium fuchskuhlense sp. nov., with FNE08-7 T (5DSM 25065 T 5CCM 7978 T 5CCUG 61508 T ) as the type strain.
The genus Novosphingobium was proposed by Takeuchi et al. (2001) by dissection of the genus Sphingomonas based on phylogenetic and chemotaxonomic analysis. At that time, the genus Novosphingobium (cluster III of the genus Sphingomonas sensu lato) contained six species, Novosphingobium aromaticivorans, N. stygium, N. subterraneum, N. capsulatum, N. rosa and N. subarcticum with N. capsulatum as the type species (Takeuchi et al., 2001) . The proposal by Takeuchi et al. (2001) achieved overall scientific acceptance over the emendation of Yabuuchi et al. (2002) to retain the genus Sphingomonas as proposed by Yabuuchi et al. (1990) . At the time of writing this manuscript, 14 further Novosphingobium species with validly published names have been described: Novosphingobium resinovorum (Lim et al., 2007) , N. hassiacum (Kämpfer et al., 2002) , N. tardaugens (Fujii et al., 2003) , N. pentaromativorans (Sohn et al., 2004) , N. lentum (Tiirola et al., 2005) , N. taihuense (Liu et al., 2005) , N. nitrogenifigens (Addison et al., 2007) , N. naphthalenivorans (Suzuki & Hiraishi, 2007) , N. acidiphilum (Glaeser et al., 2009) , N. indicum (Yuan et al., 2009) , N. mathurense and N. panipatense (Gupta et al., 2009) , N. sediminicola (Baek et al., 2011) and N. soli (Kämpfer et al., 2011) . Most of these species were isolated from subsurface sediments (Balkwill et al., 1997; Sohn et al., 2004; Baek et al., 2011) , soils, often contaminated with polyaromatic compounds (Suzuki & Hiraishi, 2007; Gupta et al., 2009; Kämpfer et al., 2011) , wastewater treatment plants (Kämpfer et al., 2002; Fujii et al., 2003; Addison et al., 2007) , groundwater (Tiirola et al., 2005) , deep-sea water (Yuan et al., 2009 ) and freshwater (Glaeser et al., 2009 ).
Previously, two freshwater tribes of the genus Novosphingobium, Novo-A1 and Novo-A2, have been defined based on environmental 16S rRNA gene sequences (Newton et al., 2011) , which were determined in 16S rRNA gene clone libraries generated from surface water samples of the south-west (SW) (Novo-A1) or north-east (NE) basin (Novo-A2) of the small bog lake Grosse Fuchskuhle (Glöckner et al., 2000; Burkert et al., 2003; Allgaier & Grossart, 2006) . The tribe Novo-A1 is represented by the type strain of the species N. acidiphilum, which was isolated from the SW basin (Glaeser et al., 2009) .
During field studies in the surface water layer of the NE basin of Lake Grosse Fuchskuhle (north-eastern Germany, 53 u 109 N 13 u 029 E), an intense dilution-to-extinction cultivation (Button, 1993) was performed after a 4 h in situ incubation experiment on 20 June 2008. Ten-fold dilution series of water samples were set up in microtitre plates in a total volume of 200 ml with autoclaved lake water supplemented with 2.5 % (v/v) autoclaved YPG concentrate (3 % yeast extract, 6 % peptone and 3 % glucose, adjusted to pH 6.5) as medium for growth. Microtitre plates were sealed with gas-permeable plastic sheets and incubated for 10 weeks at 22 u C. Several yellow-pigmented isolates from the highest positive dilution steps were identified by 16S rRNA gene sequence analysis as members of the genera Sphingomonas and Novosphingobium (S. P. Glaeser and J. Glaeser, unpublished data ). Agar plates for the first isolation steps were supplemented with 2.5 % autoclaved surface water from the NE basin. Subcultivation and maintenance were performed in liquid medium or on agar plates with YPG or K7 medium (0.1 % yeast extract, peptone and glucose) adjusted to pH 6.5 at 25 u C. For long-term storage at 280 u C, 6 % DMSO or 20 % (v/v) glycerol were added.
Genomic DNA for genotypic analysis was extracted by the method of Pitcher et al. (1989) from the bacterial culture grown in YPG medium at pH 6.5 and at 25 u C for 48 h. Nearly full-length 16S rRNA gene fragments were PCRamplified with the universal primers 8F (59-AGAGTTTG-ATCMTGGCTCAG-39) and 1492R (59-GGYTACCTTGT-TACGACTT-39) (Lane, 1991 ) in a total volume of 100 ml containing 100 ng genomic DNA, 16DreamTaq buffer, 800 mM dNTPs, 0.4 mM of each primer and 2 U DreamTaq DNA polymerase (Fermentas). PCR amplification was performed in a MyCycler (Bio-Rad) using the following cycles: 95 u C for 3 min, 28 cycles of 95 u C for 30 s, 54 u C for 30 s and 72 u C for 90s and finally 72 u C for 15 min. PCR products were purified with a PCR-purification kit (Qiagen) and sequenced by the Didesoxy method with the same primers. The sequence was processed manually based on the electropherograms in MEGA 5 (Tamura et al., 2011) . Detailed phylogenetic analysis was performed in ARB release 5.2 (Ludwig et al., 2004) using the 'All-Species Living Tree' Project (LTP; Yarza et al., 2008) database release LTPs106 (August 2011). Sequences, not included in the LTP database, were aligned with SINA (v1.2.9) according to the SILVA seed alignment (http://www.arb-silva.de; Pruesse et al., 2007) and implemented in the ARB database. The alignment was corrected manually based on secondary structure information. Sequence similarities were calculated in ARB without using any evolutionary substitution models. Phylogenetic trees were constructed with the maximumlikelihood method using RAxML v7.04 (Stamatakis, 2006) with the General time resolved (GTR-GAMMA model), the neighbour-joining method with the Jukes-Cantor correction (Jukes & Cantor, 1969) and the maximum-parsimony method using DNAPARS v 3.6 (Felsenstein, 2005) . All phylogenetic trees were calculated with 100 resamplings (bootstrap analysis; Felsenstein, 1985) and based on 16S rRNA gene sequences between positions 66 and 1450 (Escherichia coli numbering, according to Brosius et al., 1978) .
The sequenced 16S rRNA gene fragment of strain FNE08-7
T represented a continuous stretch of 1338 unambiguous nucleotides (positions 66-1463, according to E. coli numbering). Strain FNE08-7 T shared 94.0-98.0 % 16S rRNA gene sequence similarities to type strains of the genus Novosphingobium with N. stygium SMCC B0712
T (98 %) and N. taihuense DSM 17507 T (97.4 %) as the closest relatives. The 16S rRNA gene sequence similarity to the other freshwater Novosphingobium species N. acidiphilum FSW06-204d
T was only 96.3 %. Strain FNE08-7 T formed a distinct cluster with N. stygium SMCC B0712 T and N. taihuense DSM 17507
T independent of the treeing method used for phylogenetic reconstruction. The relationship to other members of the genus Novosphingobium changed depending on the treeing method used (Fig. 1 ). All signature nucleotides characteristic for the genus Novosphingobium as reported by Takeuchi et al. (2001) were present in the 16S rRNA gene sequence of strain FNE08-7 T ; 52 : 359 (C-G), 134 (G), 593 (U), 987 : 1218 (G-C) and 990 : 1215 (U-A) (E. coli numbering). The 21 bp gap between position 1256 and 1278 (E. coli numbering) described for N. acidiphilum (Glaeser et al., 2009) and N. nitrogenifigens (Addison et al., 2007) was not present in the 16S rRNA gene sequence of strain T as obtained for all other species of the genus Novosphingobium.
Colony morphology was examined on YPG agar plates (pH 6.5) after 72 h of incubation at 25 u C. Cell morphology and motility were subsequently investigated on agarcovered slides by phase-contrast microscopy at 1000-fold magnification using a Nikon Eclipse 80i microscope (Nikon Europe). Gram-staining was performed by the modified Hucker method according to Gerhardt et al. (1994) . Cytochrome c oxidase activity was tested by using the Bactident oxidase test (Merck) and catalase activity by gas formation after addition of 3 % H 2 O 2 . The formation of capsules was determined after staining with china ink.
Cell morphology was investigated in further detail by transmission electron microscopy. Cells were fixed in Sörensen buffer (pH 6.5) with 2 % (v/v) glutaraldehyde and post-fixed with 1 % (w/v) osmium-tetroxide. After fixation, cells were dehydrated and embedded in Epon according to the procedure of Hobot et al. (1984) . Ultrathin cell sections were post-stained with 2 % (w/v) uranyl acetate and 0.5 % (w/v) lead citrate. Transmission electron micrographs were either taken on a JEOL 2100 TEM operated at 80 kV in combination with a fast-scan 2K62K CCD camera F214 (TVIPS) or on a Zeiss CEM 902 operated at 80 kV equipped with a wide-angle Dual Speed 2K CCD camera (TRS). Transmission electron micrographs indicate Gram-negative cell walls without any intracyctoplasmatic membrane systems (Fig. 2) . Small dense granules are distributed all over the cytoplasm.
Detailed phenotypic characterization of strain FNE08-7 T was performed in comparison to N. stygium SMCC B0712 T , N. taihuense DSM 17507 T , N. acidiphilum T and N. capsulatum DSM 30196 T (type strain of the type species of the genus Novosphingobium). Temperature-dependent growth was investigated on YPG agar plates (pH 6.5) at 4, 25, 28, 32, 37 and 40 u C. Salinity and pH-dependent growth was examined in K7 medium in microtitre plates in a total volume of 100 ml. Salinitydependent growth was investigated at pH 6.5 by addition of 0.1, 0.25, 0.5, 0.75 and 1.0 % (w/v) NaCl. For pHdependent growth, the pH was buffered with 5 mM phosphate puffer (K 2 HPO 4 /KH 2 PO 4 ) and a pH range from 4.0 to 9.0 in intervals of 0.5 pH units was investigated. The OD 600 was monitored in an Infinite 200 microtitre plate reader (Tecan).
Substrate assimilation of strain FNE08-7
T was first tested with a substrate assimilation panel and enzyme tests with chromogenic substrates [p-nitrophenyl-(pNP) and pnitroanilide-(pNA) linked substrates] (Kämpfer et al., 1991). As described previously for N. acidiphilum FSW06-204d T , growth was only observed for the chromogenic substrates test. Therefore, a selection of substrates was used in half-strength, glucose-free K7 medium buffered with 5 mM potassium phosphate buffer at pH 6.5. Substrates were added at a final concentration of 5 mM. Assimilation tests were performed in duplicate using two independent pre-cultures for inoculation in microtitre plates as described above. Substrate utilization was considered positive when the OD 600 value of the substrate-amended cultures increased for more than 0.05 OD units in comparison with control cultures grown without addition of a carbon substrate. Our results of the chromogenic substrate tests indicate that strain FNE08-7 T can be clearly distinguished from other type strains of the genus Novosphingobium (Table 1 characterization of strain FNE 08-7 T is given in the species description.
Fatty acids were analysed as described by Kämpfer & Kroppenstedt (1996) from cell biomass grown for 72 h on K7 agar plates at pH 6.5 (late exponential growth phase). The predominate fatty acid of strain T is C 18 : 1 v7c (56.4 %). The major 2-hydroxy fatty acid is C 14 : 0 2-OH (16.5 %) and a small proportion of a second 2-hydroxy fatty acid, C 15 : 0 2-OH (3.3 %), is present (Table 2) . Strain FNE08-7 T could be distinguished from N. stygium SMCC B0712 T and N. taihuense DSM 17507 T by the presence of the fatty acids C 15 : 0 , C 17 : 0 and C 17 : 1 v6c and a low amount of summed feature 3 representing a group of two fatty acids that could not be separated by GCL in the Mini System, C 16 : 1 v7c and/or iso-C 15:0 2-OH (Table 2) . Strain FNE08-7 T shared those characteristics with N. acidiphilum FSW06-204d T isolated from a closely related habitat ( Table 2 ).
Biomass that was subjected to analyses of the quinone system and the polar lipids was produced by growing strain FNE08-7 T for 72 h in R2A broth at 28 u C, harvested cells were lyophilized and used for the analyses.
Respiratory quinones of strain FNE08-7 T were extracted, separated and identified as described previously by Collins et al. (1977) and analysed by HPLC as described by Groth et al. (1996) . Ubiquinone 10 (Q-10) is the predominant respiratory quinone. This is in agreement with the described species of the family Sphingomonadaceae.
Polar lipids extracted by the method of Minnikin et al. (1979) were identified by two-dimensional thin-layer chromatography as described by Collins & Jones (1980) . Strain FNE08-7 T exhibits a complex polar lipid profile (Fig. 3) , similar to other species of the genus Novosphingobium, consisting of the major polar lipids phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylglycerol, sphingoglycolipid and phosphatidylcholine. Minor amounts of diphosphatidylglycerol, three unknown glycolipids and five unknown lipids also occur. Phosphatidyldimethylethanolamine, present in the closest relative N. stygium as well in N. acidiphilum, N. lentum, N. sediminicola, N. panipatense, N. mathurense and others, was not detected. The hydrophobic characteristic yellow pigment, observed in N. stygium, N. acidiphilum and N. sediminicola, is also present. Results of substrate hydrolysis for strains 2 and 5 were taken from Kämpfer et al. (2002) and for strain 4 from Glaeser et al. (2009) . All substrate assimilation data are from this study. All strains were negative for the assimilation of sorbose, DL-3-aminobutyrate, Lmalate, formate and oxalate.
Character 1 2 3 4 5
Hydrolysis of: This characteristic lipid profile supports the affiliation of strain FNE08-7 T to the genus Novosphingobium.
Polyamines were analysed from biomass grown in K7 pH 6.5 at 25 u C that had been harvested at the late exponential growth phase as described by Busse & Auling (1988) and analysis was carried out using the HPLC equipment reported by Stolz et al. (2007 ] were present as well. Spermidine as the predominant polyamine has been reported to be a characteristic trait of the genus Novosphingobium (Takeuchi et al., 2001) .
DNA-DNA hybridization (DDH) experiments were performed between strain FNE08-7 T and N. stygium SMCC B0712
T and N. taihuense DSM 17507 T by the method of Ziemke et al. (1998) . Cross-hybridization of genomic DNA of strain FNE08-7 T showed very low DDH values to N. stygium SMCC B0712
T of 18.4 % (reciprocal: 11.4 %) and slightly higher values to N. taihuense DSM 17507 T of 23.1 % (reciprocal: 54.2 %).
Based on the genotypic, chemotaxonomic and phenotypic characterization we conclude that strain FNE08-7
T represents a novel species of the genus Novosphingobium, which can be clearly distinguished from all other species of the genus.
Description of Novosphingobium fuchskuhlense sp. nov.
Novosphingobium fuchskuhlense (fuchs.kuhl.en9se. N.L. neut. adj. fuchskuhlense of or pertaining to Fuchskuhle, isolated from Lake Grosse Fuchskuhle).
The species shares all characteristics of the genus Novosphingobium as summarized by Takeuchi et al. (2001) . Small circular yellow colonies (1-2 mm in diameter) are formed after 2-3 days of incubation at 25 u C on YPG agar plates pH 6.5. Cells are Gram-negative, non-motile, rod-shaped (1.7±0.2 mm in length and 0.8±0.1 mm in width), and weakly positive for cytochrome c oxidase, but negative for catalase activity. Capsules are formed. Cells grow at 4 and 32 u C, but not at 37 or 40 u C, and in the presence of 0 to 0.25 % (w/v) NaCl. Weak growth occurs with 0.75 % NaCl, but not with 1 % (w/v) NaCl. The species grows at pH 5.0 to 7.0 (weak growth up to pH 8.0), but not at pH 4.5 or 8.5. Cells grow on K7, DSummed feature 3 represents a group of two fatty acids that could not be separated by GCL in the Mini System, C 16 : 1 v7c and/or iso-C 15 : 0 2-OH. Fig. 3 . Two-dimensional TLC of polar lipid extracts from strain FNE08-7 T stained with molybdatophosphoric acid. DPG, Diphosphatidylglycerol; GL1-GL3, unknown glycolipids; L1-L5, unknown lipids; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PL1, unidentified phospholipid; PME, phosphatidylmethylethanolamine; SGL, sphingoglycolipid; yPig, yellow pigment staining positive with a-naphthol. , was isolated from a subsurface water sample of the north-east basin of the humic acid rich bog lake Grosse Fuchskuhle, north-eastern Germany.
